This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



o BLACK BORDERS 

o TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

o FADED TEXT 

• ILLEGIBLE TEXT 

o SKEWED/SLANTED IMAGES 

o COLORED PHOTOS 

o BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

o GRAY SCALE DOCUMENTS 



MAGES ARE BEST AVAILABLE COPY. 

As resomnimg ddPcuBMenntts will net <c©inre<Ett neiiageSg 
please <dta> nnott report tie Images to ttflne 
Image PmoMemnis Manlllbos, 



TH\S PW»E BLAH* m®*® 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
C07D 515/22 



(11) International Publication Number: WO 97/48708 

(43) International Publication Date: 24 December 1997 (24.12.97) 



(21) Dnlernaaonal Application Number: PCT/US97/ 10366 

(22) International Filing Date: 17 June 1997 (17.06.97) 



(30) Priority Data: 
08/669.991 



21 June 1996(21.06.96) 



US 



(81) Designated States: CA, European patent (AT. BE, CH t DE, 
DK, ES, FI, FR. GB, GR, IE. IT, LU, MC, NL, PT. SE). 



Published 

With international search report. 



(71) Applicant: FOX CHASE CANCER CENTER [US/US]; 7701 

Burholme Avenue, Philadelphia. PA 19111 (US). 

(72) Inventor: SMITH. Charles. D.; 538 Newport Circle. 

Langhomc. PA 19053 (US). 

(74) Agents: HAGAN. Patrick. J. et al.; Darn. Dorfman, Herrell 
and Skillman, Suite 720. 1601 Market Street, Philadelphia, 
PA 19103-2307 (US). 



(54) Title: DENDROAMIDE COMPOUNDS AND THEIR USE IN CHEMOSENSITIZING MULTIDRUG RESISTANT CELLS 
(57) Abstract 

Dendroamide derivatives arc disclosed which are useful in cancer therapy, especially in treating multidrug resistant cells. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States pany to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


O 




LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


n 


Pmfcaad 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


ra 


Pfance 


LU 


Luiembourg 


SN 


Senegal 


AU 


Australia 


CA 


Oaten 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


CM 


Uatfed Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and ricrsefovflu 


Cft 


Georgia 
Ohana 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


CM 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


CM 


Otm 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


CM 


Oacect 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


twjQfary 


ML 


Mali 


rr 


Trinidad and Tobago 


BJ 


Benin 


II 


betas* 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


a 


anal 


MR 


Mauritania 


liG 


Uganda 


BY 


Belarus 


IS 


kcland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


k*Jy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Repubbc 


jr 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzsian 


NO 


Norway 


ZW 


Zimbabwe 


a 


C6tc d' 1 voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakftttn 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 97/48708 PCT/US97/10366 

DENDROAMIDE COMPOUNDS AND THEIR USE IN 
CHEMOSENSITIZING MULTIDRUG RESISTANT CELLS 



This invention was made with government support 
under Grant CA 64983 awarded by the National Cancer 
Institute, Department of Health and Human Services. The 
government has certain rights in the invention. 

5 

FIELD OF THE INVENTION 

The present invention relates to dendroamide 
compounds, therapeutic preparations containing such 
compounds and their use in cancer therapy. More 
10 particularly, this invention relates to certain 

dendroamide compounds and compositions possessing 
multidrug resistance reversing activity, and to methods 
of chemosensitizing multidrug resistant cells using such 
compounds and compositions* 

15 

BACKGROUND OF THE INVENTION 

Multidrug resistance (MDR) is the term used to 
describe the resistance of cancer cells to chemotherapy, 
a resistance which can occur intrinsically or which can 

20 be acquired following a course of chemotherapy 

treatment. Acquired MDR occurs when tumor cells that 
survive initial chemotherapy are found to possess 
increased resistance to both the original therapeutic 
drug and other unrelated drugs. 

25 Studies of acquired MDR have shown that the 

resistance is correlated with increased expression of 
cell surface glycoproteins known as P-glycoprotein 
and/or multidrug resistance related protein (MRP) . It 
is believed that the mechanism of MDR involves decreased 

30 accumulation of anticancer drugs in cells due to energy- 
dependent transport of the drugs out of the cancer 
cells, which is mediated by P-glycoprotein or MRP. 

Reversing agents or chemosensitizers have been 
discovered which reverse MDR by competing for the 
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transport systems which are responsible for resistance. 
The reversing agents compete for drug binding to 
P-glycoprotein and/or MRP, thus effecting increased 
cellular accumulation of anticancer agents. Agents that 
5 reverse MDR include certain calcium channel blockers, 
calmodulin antagonists, alkaloid analogs, steroids and 
hormonal analogs, some hydrophobic cationic compounds 
and cyclosporins. 

For example, verapamil, a calcium channel blocker, 

10 is a potent and effective reversing agent in cultured 

cells. Verapamil has been shown to sensitize MDR cells 
to anticancer drugs, promote intracellular accumulation 
of those drugs and compete for binding to P-glycoprotein 
(Tsuruo et al., Cancer Res. 41:1967 (1981)). A serious 

15 impediment to the use of verapamil and other calcium- 
channel blockers is the potentially life-threatening 
cardiovascular effects in humans at the doses required 
to reverse MDR (U. DeFaire and T. Lundman, J. Cardiol. 
6:195 (1977); Candell et al . , Chest 75:200 (1979)). 

20 Because of their demonstrated effectiveness in 

attenuating drug resistance in tumor cells, the 
development of MDR reversing agents in anticancer 
chemotherapy continues to be an area of active 
investigation. However, a need exists for new reversing 

25 and/or chemosensitizing agents which enable treatment of 
drug resistant cells, so as to allow intracellular 
accumulation of anticancer drugs with less systemic 
toxicity, thereby overcoming the above -noted drawbacks 
attendant the use of the MDR reversing agents reported 

30 to date. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the present 
invention, compounds, sometimes referred to herein as 
35 dendroamides , are provided which potentiate the 

cytotoxicity of anticancer drugs and are of the formula: 



i 
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15 

in which R 1# R 3 and R 5 are independently selected from 
the group consisting of -H, -OH, -SH, -NR'R'', a 
straight or branched, substituted or unsubstituted alkyl 
group having 1-6 carbon atoms, a cycloalkyl group having 

20 4-6 carbon atoms, a cycloalkylalkyl group having 4-10 
carbon atoms, or an aryl or aralkyl group having 6-10 
carbon atoms, and R 2 , R 4 and R 6 are independently 
selected from the group consisting of -H, -OH, -SH, - 
NR'R'', a straight or branched, substituted or 

25 unsubstituted alkyl group having 1-6 carbon atoms, a 
cycloalkyl group having 4-6 carbon atoms or a 
cycloalkylalkyl group having 4-10 carbon atoms, said 
alkyl group substituents in R 1# R 2 , R 3 , R 4 , R 5 and R 6 being 
selected from the group consisting of 

30 -OH, -SH, -NR'R'', halogen, -0-alkyl having 1-6 carbon 
atoms or -S -alkyl having 1-6 carbon atoms, said R' and 
R' ' radicals being selected from the group consisting of 
-H and alkyl having 1-6 carbon atoms, X 1# X 2 and X 3 are 
independently selected from the group consisting of 

35 oxygen and sulfur, the dotted lines in the heterocyclic 
ring members indicating the presence of a single or a 
double bond; and the stereoisomers and pharmaceutical^ 
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acceptable salts of said compounds. 

According to another aspect, the present invention 
provides compositions comprising compounds of formula I 
with a biologically compatible vehicle or carrier for 
5 use in reversing MDR and/or chemosensitizing multidrug- 
resistant cells, as well as preventing MDR. 

According to a further aspect, the present 
invention provides methods of using the dendroamide of 
formula I for prevention of MDR, as well as for 
10 reversing MDR and/or chemosensitizing multidrug- 
resistant cells to anti-cancer agents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 shows the effect of a preferred compound 
15 of the invention {Compound A) on [ 3 H] vinblastine 

accumulation by MCF-7/ADR breast carcinoma cells. Cells 

were incubated with the indicated concentrations of 

Compound A (a) or verapamil (□) . 

FIGURES 2A and 2B show the chemosensitization of 
20 MCF-7/ADR breast carcinoma cells by Compound A. In 

FIGURE 2A, MCF-7/ADR cells were treated with the 

indicated concentrations of Compound A in the presence 

of 15 mM daunomycin (□) , 200 nM actinomycin D (A) or 4 

fiM cisplatin (o) . In FIGURE 2B, MCF-7 cells <0) or 
25 MCF-7/ADR cells treated with 1% ethanol (O) , 0.6 (□) or 

2.5 /iM of Compound A (A) were incubated with the 

indicated concentrations of vinblastine. 

FIGURE 3 shows the chemosensitization of MCF-7/VP 

cells by Compound A. MCF-7 /VP cells were treated with 
30 the indicated concentrations of vincristine in the 

presence of ethanol (O) , 20 [M verapamil (□) , 5 /xM 

Compound A (O) or 10 AiM Compound A (a) . 

DETAILED DESCRIPTION OF THE INVENTION 
3 5 The compounds of the invention are of the general 

formula I, as set forth above and potentiate the 
cytotoxicity of anticancer drugs. 
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A preferred subset of compounds according to the 
invention have the structure of formula I wherein R lt R 3 
and R s are independently selected from the group 
consisting of -H, -OH, rSH, -NR'R' ' , a straight or 
5 branched, substituted or unsubstituted alkyl group, 

having 1-6 carbon atoms, a cycloalkyl group having 4-6 
carbon atoms or a cycloalkylalkyl group having 4-10 
carbon atoms, said R 1# R 3 and R 5 being not all the same, 
and R 2 , R 4 and R 6 are independently selected from the 

10 group consisting of -H, -OH, -SH, -NR'R'', a straight or 
branched, substituted or unsubstituted alkyl group 
having 1-6 carbon atoms, a cycloalkyl group having 4-6 
carbon atoms or an cycloalkylalkyl group having 4-10 
carbon atoms, at least one of R 2 , R 4 and R 6 being other 

15 than -H, said alkyl group substituents in R 1# R 2/ R 3 , R 4 , 
R s and R 6 being selected from the group consisting of - 
OH. -SH, -NR'R'', halogen, -0-alkyl having 1-6 carbon 
atoms or -S-alkyl having 1-6 carbon atoms, and said R ' 
and R' ' radicals being selected from the group 

20 consisting of -H and alkyl having 1-6 carbon atoms, X a , 
X 2 and X, are independently selected from the group 
consisting of oxygen and sulfur, the dotted line in the 
heterocyclic ring members indicating the presence of a 
single or double bond, and the stereoisomers and 

25 pharmaceutical^ acceptable salts thereof. Especially 
pre! erred are compounds of formula I, in which X 1 and X 2 
are S. X, is O and R ir R 2 , R 3 , R 4 , R 5 , R 6 are selected from 
the group consisting of H and a straight or branched 
alkyl having 1-4 carbon atoms. 

3 0 Most preferred is a compound (hereinafter referred 

to as Compound A) having the formula: 



35 
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In the chemical structure immediately above, the 
dashed wedge represents a bond which projects below the 
plane of the molecule (away from the viewer) ; and the 

20 straight lines represent bonds which lie in the plane of 
the molecule. 

The compounds of the invention can be categorized 
as cyclic hexapeptide derivatives in which serine or 
threonine and cysteine residues have been condensed to 

25 form the oxazole and thiazole rings, respectively. The 
total synthesis of a compound of this type (known as 
bistratamide C) has been recently described by E. 
Aguilar and A.I. Meyers in Tetrahedron Lett. 35:2477- 
2480 (1994). Synthesis of dendroamide analogues may 

30 follow a similar approach according to the general 
synthetic scheme shown below. 



35 
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The above-described synthetic scheme can be used to 
synthesize the following representative cyclic 
hexapeptide compounds in which the standard amino acids 
are represented by the accepted three letter 
5 abbreviations: 

A. Compounds containing oxazole (Oxz) , oxazoline 
(Ozl) or methyloxazoline (mOzl) 

cyclo-Ala -Oxz- Ala -Oxz- Ala -Oxz 

cyclo-Ala -Ozl- Ala -Ozl- Ala -Ozl 
10 cyclo-Ala -mOzl- Ala -mOzl- Ala -mOzl 

cyclo-Arg -Oxz- Arg -Oxz- Arg -Oxz 

cyclo-Arg -Ozl- Arg -Ozl- Arg -Ozl 

cyclo-Arg -mOzl- Arg -mOzl- Arg -mOzl 

cyclo-Asn -Oxz- Asn -Oxz- Asn -Oxz 
15 cyclo-Asn -Ozl- Asn -Ozl- Asn -Ozl 

cyclo-Asn -mOzl- Asn -mOzl- Asn -mOzl 

cyclo-Asp -Oxz- Asp -Oxz- Asp -Oxz 

cyclo-Asp -Ozl- Asp -Ozl- Asp -Ozl 

cyclo-Asp -mOzl- Asp -mOzl- Asp -mOzl 
20 cyclo-Cys -Oxz- Cys -Oxz- Cys -Oxz 

cyclo-Cys -Ozl- Cys -Ozl- Cys -Ozl 

cyclo-Cys -mOzl- Cys -mOzl- Cys -mOzl 

cyclo-Gln -Oxz- Gin -Oxz- Gin -Oxz 

cyclo-Gln -Ozl- Gin -Ozl- Gin -Ozl 
25 cyclo-Gln -mOzl- Gin -mOzl- Gin -mOzl 

cyclo-Glu -Oxz- Glu -Oxz- Glu -Oxz 

cyclo-Glu -Ozl- Glu -Ozl- Glu -Ozl 

cyclo-Glu -mOzl- Glu -mOzl- Glu -mOzl 

cyclo-Gly -Oxz- Gly -Oxz- Gly -Oxz 
30 cyclo-Gly -Ozl- Gly -Ozl- Gly -Ozl 

cyclo-Gly -mOzl- Gly -mOzl- Gly -mOzl 

cyclo-His -Oxz- His -Oxz- His -Oxz 

cyclo-His -Ozl- His -Ozl- His -Ozl 

cyclo-His -mOzl- His -mOzl- His -mOzl 
35 cyclo-Ile -Oxz- lie -Oxz- He -Oxz 

cyclo-Ile -Ozl- He -Ozl- He -Ozl 

cyclo-Ile -mOzl- He -mOzl- He -mOzl 

cyclo-Leu -Oxz- Leu -Oxz- Leu -Oxz 

cyclo-Leu -Ozl- Leu -Ozl- Leu -Ozl 
40 cyclo-Leu -mOzl- Leu -mOzl- Leu -mOzl 

cyclo-Lys -Oxz- Lys -Oxz- Lys -Oxz 

cyclo-Lys -Ozl- Lys -Ozl- Lys -Ozl 

cyclo-Lys -mOzl- Lys -mOzl- Lys -mOzl 

cyclo-Met -Oxz- Met -Oxz- Met -Oxz 
45 cyclo-Met -Ozl- Met -Ozl- Met -Ozl 

cyclo-Met -mOzl- Met -mOzl- Met -mOzl 

cyclo-Phe -Oxz- Phe -Oxz- Phe -Oxz 

cyclo-Phe -Ozl- Phe -Ozl- Phe -Ozl 

cyclo-Phe -mOzl- Phe -mOzl- Phe -mOzl 
50 cyclo-Ser -Oxz- Ser -Oxz- Ser -Oxz 

cyclo-Ser -Ozl- Ser -Ozl- Ser -Ozl 

cyclo-Ser -mOzl- Ser -mOzl- Ser -mOzl 
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cyclo -Thr -Oxz- Thr -Oxz- Thr -Oxz 
cyclo-Thr -Ozl- Thr -Ozl- Thr -Ozl 
cyclo-Thr -mOzl- Thr -mOzl- Thr -mOzl 
cyclo-Trp -Oxz- Trp -Oxz- Trp -Oxz 
5 cyclo-Trp -Ozl- Trp -Ozl- Trp -Ozl 

cyclo-Trp -mOzl- Trp -mOzl- Trp -mOzl 

cyclo-Tyr -Oxz- Tyr -Oxz- Tyr -Oxz 

cyclo-Tyr -Ozl- Tyr -Ozl- Tyr -Ozl 

cyclo-Tyr -mOzl- Tyr -mOzl- Tyr -mOzl 

10 cyclo-Val -Oxz- Val -Oxz- Val -Oxz 

cyclo-Val- Ozl- Val -Ozl- Val -Ozl 

cyclo-Val -mOzl- Val -mOzl- Val -mOzl 



B. Compounds containing thiazole (Thz) , 

15 thiazoline (Tzl) or methylthiazoline (mTzl) 

cyclo-Ala -Thz- Ala -Thz- Ala -Thz 

cyclo-Ala -Tzl- Ala -Tzl- Ala -Tzl 

cyclo-Ala -mTzl- Ala -mTzl- Ala -mTzl 

cyclo-Arg -Thz- Arg -Thz- Arg -Thz 

20 cyclo-Arg -Tzl- Arg -Tzl- Arg -Tzl 

cyclo-Arg -mTzl- Arg -mTzl- Arg -mTzl 

cyclo-Asn -Thz- Asn -Thz- Asn -Thz 

cyclo-Asn -Tzl- Asn -Tzl- Asn -Tzl 

cyclo-Asn -mTzl- Asn -mTzl- Asn -mTzl 

25 cyclo-Asp -Thz- Asp -Thz- Asp -Thz 

cyclo-Asp -Tzl- Asp -Tzl- Asp -Tzl 

cyclo-Asp -mTzl- Asp -mTzl- Asp -mTzl 

cyclo-Cys -Thz- Cys -Thz- Cys -Thz 

cyclo-Cys -Tzl- Cys -Tzl- Cys -Tzl 

30 cyclo-Cys -mTzl- Cys -mTzl- Cys -mTzl 

cyclo-Gln -Thz- Gin -Thz- Gin -Thz 

cyclo-Gln -Tzl- Gin -Tzl- Gin -Tzl 

cyclo-Gln -mTzl- Gin -mTzl- Gin -mTzl 

cyclo-Glu -Thz- Glu -Thz- Glu -Thz 

35 cyclo-Glu -Tzl- Glu -Tzl- Glu -Tzl 

cyclo-Glu -mTzl- Glu -mTzl- Glu -mTzl 

cyclo-Gly -Thz- Gly -Thz- Gly -Thz 

cyclo-Gly -Tzl- Gly -Tzl- Gly -Tzl 

cyclo-Gly -mTzl- Gly -mTzl- Gly -mTzl 

40 cyclo-His -Thz- His -Thz- His -Thz 

cyclo-His -Tzl- His -Tzl- His -Tzl 

cyclo-His -mTzl- His -mTzl- His -mTzl 

cyclo-Ile -Thz- lie -Thz- lie -Thz 

cyclo-Ile -Tzl- He -Tzl- He -Tzl 

45 cyclo-Ile -mTzl- He -mTzl- He -mTzl 

eye lo- Leu -Thz- Leu -Thz- Leu -Thz 

cyclo-Leu -Tzl- Leu -Tzl- Leu -Tzl 

cyclo-Leu -mTzl- Leu -mTzl- Leu -mTzl 

cyclo-Lys -Thz- Lys -Thz- Lys -Thz 

50 cyclo-Lys -Tzl- Lys -Tzl- Lys -Tzl 

cyclo-Lys -mTzl- Lys -mTzl- Lys -mTzl 

eye lo- Met -Thz- Met -Thz- Met -Thz 

cyclo-Met -Tzl- Met -Tzl- Met -Tzl 

cyclo-Met -mTzl- Met -mTzl- Met -mTzl 
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cyclo-Phe -Thz- Phe -Thz- Phe -Thz 

cyclo-Phe -Tzl- Phe -Tzl- Phe -Tzl 

cyclo-Phe -mTzl- Phe -mTzl- Phe -mTzl 

cyclo-Ser -Thz- Ser -Thz- Ser -Thz 

5 cyclo-Ser -Tzl- Ser -Tzl- Ser -Tzl 

cyclo-Ser -mTzl- Ser -mTzl- Ser -mTzl 

cyclo-Thr -Thz- Thr -Thz- Thr -Thz 

cyclo-Thr -Tzl- Thr -Tzl- Thr -Tzl 

cyclo-Thr -mTzl- Thr -mTzl- Thr -mTzl 

10 cyclo-Trp -Thz- Trp -Thz- Trp -Thz 

cyclo-Trp -Tzl- Trp -Tzl- Trp -Tzl 

cyclo-Trp -mTzl- Trp -mTzl- Trp -mTzl 

cyclo-Tyr -Thz- Tyr -Thz- Tyr -Thz 

cyclo-Tyr -Tzl- Tyr -Tzl- Tyr -Tzl 

15 cyclo-Tyr -mTzl- Tyr -mTzl- Tyr -mTzl 

cyclo-Val -Thz- Val -Thz- Val -Thz 

cyclo-Val -Tzl- Val -Tzl- Val -Tzl 

cyclo-Val -mTzl- Val -mTzl- Val -mTzl. 

2 0 Numerous other cyclic hexapeptides can also be 

synthesized, according to the above -described synthetic 
scheme, using various combinations of naturally 
occurring amino acids, non-naturally occurring amino 
acids or synthetically prepared amino acids together 

2 5 with the six heterocyclic moieties listed above. 

As shown in the foregoing reaction scheme, the 
compounds of the invention may be assembled from three 
protected dipeptide derivatives. For precursors 
containing oxazoline or oxazole groups, the starting 

3 0 materials are dipeptides consisting of tBOC-amino acid- 

serine-methyl ester or tBOC-amino acid- threonine-methyl 
ester, where "amino acid" represents any essential, 
naturally occurring or non-naturally occurring amino 
acid, except proline (which will not support cyclization 
35 of the final product) . The R-groups of the final 

product derive from the side- chain of the starting amino 
acid. Dipeptides with serine or threonine are treated 
with Burgess Reagent (E.M. Burgess et al . , J. Org. Chem. 
38:26 (1973)) to generate the corresponding oxazoline, 

4 0 which is subsequently oxidized by Ni0 2 to generate 

oxazole -containing compounds. Aguilar and Meyers, 
supra . reported yields of 60-78% and 22-53% for these 
two reactions, respectively, with preservation of the 
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stereochemistry of the chiral carbon. The amino groups 
of these compounds are then deprotected to give amino 
oxazoles , 

Two approaches toward the synthesis of the 
5 thiazole-containing precursors have been identified. In 
the procedure of Aguilar and Meyers, su pra , as shown in 
the synthetic scheme above, a modified Hantzsch reaction 
is used to prepare thiazole aminoesters from 
a-aminothioamides , in which R lt R 3 and R s can be 

10 aliphatic or aromatic (E. Aguilar and A.I. Meyers, 

Tetrahedron Lett. 35:2473-2476 (1994)) . Deprotection of 
the ethyl ester results in the free acid for coupling. 

A second approach to the preparation of the 
thiazole intermediates was described by P. Wipf and S. 

15 Venkatraman in J. Org. Chem. 60:7224-7229 (1995). By 
this procedure, oxazolines (as prepared above) are 
converted to or-methyl cysteine derivatives by treatment 
with thioacetic acid. Aminolysis and simultaneous 
cyclodehydration by titanium tetrachloride produces a 

20 thiazoline compound which can be oxidized with 

benzeneselenic acid to the corresponding thiazole. The 
final cyclic dendroamide products are then prepared by 
coupling various combinations of oxazoles, oxazolines, 
thiazoles and thiazolines using standard peptide linking 

25 methodologies and cyclization of the hexapeptide 
analogue. Final closure of bistratamide C was 
accomplished by refluxing in toluene, or by deprotection 
and treatment with diphenylphosphorylazide and 
spontaneous cyclization (E. Aguilar and A.I. Meyers, 

30 Tetrahedron Lett. 35:2477-2460 (1994)). 

Compound A of this invention may be synthesized 
from tBOC-alanine-threonine-methyl ester, 2-tBOC- 
aminothiopropylamide, and 2-tBOC-aminothioisopentylamide 
using the Aguilar and Meyers approach and/or from tBOC- 

35 alanine-threonine-methyl ester, tBOC-alanine-serine- 

methyl ester and tBOC-valine-threonine-methyl ester by 
the Wipf and Venkatraman approach. Importantly, it is 
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apparent that a large number of compounds can be 
synthesized by combination of different serine- or 
threonine-derived oxazole or thiazole precursors. These 
include examples where the R 1# R 2 , R 3 , R 4 , R 5 and R 6 groups 
5 are derived from the side chains of standard, naturally- 
occurring or other non-naturally occurring or 
synthetically prepared amino acids by starting with 
protected dipeptides containing serine or threonine or 
analogues of threonine. 

10 The gross structure and relative stereochemistry of 

the dendroamides of the invention were elucidated by 
spectral analysis. The absolute stereochemistry of 
compound A was determined by Marfey and chiral GC/MS 
analyses of derivatives formed from acid hydrolysis of 

15 the intact and ozonized compound. The structural 

characterization of the compounds of the invention can 
be carried out in the manner exemplified below. 

Biological studies of Compound A as an MDR 
reversing agent have been performed. MDR reversal by 

20 means of chemosensitizing cells to anticancer drugs was 
measured using the potentiation of cytotoxicity by 
anticancer drugs in the presence of Compound A. 
Compound A-promoted accumulation of 3 H-labelled 
anticancer drugs in MDR cells was also studied. 

25 Finally, fOR inhibition due to antagonistic binding of 
Compound A to p-glycoprotein was measured as the 
reduction in photoaf f inity labelling of p-glycoprotein 
by substrates. Chemosensitizing activity can be 
determined according to potentiation of cytotoxicity of 

3 0 anticancer drugs in the presence of Compound A as 
exemplified below. 

The results of biological studies of Compound A as 
a MDR reversing agent are described below. 

As previously noted, the compounds of formula I, 

3 5 above, including their stereoisomers and 

pharmaceutical^ acceptable salts, exhibit 
chemosensitizing activity against multidrug-resistant 
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cells. The compounds of the invention can be 
administered, for example, in the form of a chloride 
salt . 

The pharmaceutical^ acceptable salts of the 
5 compound of formulas I are prepared following procedures 
which are familiar to those skilled in the art. 

The chemosensitizing pharmaceutical compositions of 
the present invention comprise one or more of the 
compounds of formula I, above, as the active ingredient 

10 in combination with a pharmaceutical^ acceptable 
carrier medium or auxiliary agent. 

The composition may be prepared in various forms 
for administration, including tablets, caplets, pills or 
dragees, or can be filled in suitable containers, such 

15 as capsules, or, in the case of suspensions, filled into 
bottles. As used herein, "pharmaceutically acceptable 
carrier medium" includes any and all solvents, diluents, 
or other liquid vehicle, dispersion or suspension aids, 
surface active agents, isotonic agents, thickening or 

20 emulsifying agents, preservatives, solid binders, 

lubricants and the like, as suited to the particular 
dosage form desired. Remington ' s Pharmaceutical 
Sciences , Fifteenth Edition, E.W. Martin (Mack 
Publishing Co., Easton, PA, 1975) discloses various 

2 5 vehicles or carriers used in formulating pharmaceutical 

compositions and known techniques for the preparation 
thereof. Except insofar as any conventional carrier 
medium is incompatible with the compounds of the 
invention, such as by producing any undesirable 

3 0 biological effect or otherwise interacting in a 

deleterious manner with any other component (s) of the 
pharmaceutical composition, its use is contemplated to 
be within the scope of this invention. In the 
pharmaceutical compositions of the invention, the active 
3 5 agent may be present in an amount of at least 1% and not 
more than 95% by weight based on the total weight of the 
composition, including carrier medium and/or auxiliary 
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agent(s). Preferably, the proportion of active agent 
varies between 2% to 70% by weight of the composition. 
Pharmaceutical organic or inorganic solid or liquid 
carrier media suitable for enteral or parenteral 
5 administration can be used to make up the composition. 
Gelatine, lactose, starch, magnesium, stearate, talc, 
vegetable and animal fats and oils, gum, polyalkylene 
glycol, or other known excipients or diluents for 
medicaments may all be suitable as carrier media. 

10 The compounds of the invention may be administered 

using any amount and any route of administration 
effective for chemosensitizing multidrug-resistant 
cells. Thus, the expression "therapeutically effective 
amount H , as used herein, refers to a nontoxic but 

15 sufficient amount of the chemosensitizing agent to 

provide the desired effect against multidrug resistant 
cells. The exact amount required will vary from subject 
to subject, depending on the species, age, and general 
condition of the subject, the particular 

20 chemosensitizing agent, its mode of administration, and 
the like. 

The chemosensitizing compounds of the invention are 
preferably formulated in dosage unit form for ease of 
administration and uniformity of dosage. "Dosage unit 

25 form 0 as used herein refers to a physically discrete 
unit of chemosensitizing agent appropriate for the 
patient to be treated. Each dosage should contain the 
quantity of active material calculated to produce the 
desired therapeutic effect either as such, or in 

30 association with the selected pharmaceutical carrier 

medium. Typically, the chemosensitizing compound of the 
invention will be administered in dosage units 
containing from about 0.1 mg to about 100,000 mg of the 
agent, with a range of about 1 mg to about 5000 mg being 

3 5 preferred. 

The compounds of the invention may be administered 
orally, parenterally, such as by intramuscular 
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injection, intraperitoneal injection, intravenous 
infusion or the like. The compounds of the invention 
may be administered orally or parenterally at dosage 
levels of about 0.001 to about 1000 mg/kg and preferably 
5 from about 0.01 to about 50 mg/kg, of patient body 

weight per day, one or more times a day, to obtain the 
desired therapeutic effect. 

Although the compounds described herein can be 
administered to any subject which is susceptible to 
10 development of multidrug resistance, the compounds are 
intended particularly for the treatment of cancer in 
humans . 

The compounds of the invention will typically be 
administered from 1 to 4 times a day so as to deliver 

15 the above-mentioned daily dosage. Alternatively, 
dosages within these ranges can be administered by 
constant infusion over an extended period of time, 
usually 3 to 96 hours, until the desired therapeutic 
benefits have been obtained. However, the exact regimen 

20 for administration of the compounds and compositions 
described herein will necessarily be dependent on the 
needs of the individual patient being treated, the type 
of treatment administered and the judgment of the 
attending physician. 

2 5 The compounds of the invention can be used in 

various protocols for treating cancer patients. For 
example, the compounds of the invention can be used in a 
method for treating tumor cells in a patient requiring 
such treatment. This method would comprise 

3 0 administering to a cancer patient a compound of formula 

I in an amount effective to attenuate drug resistance in 
said cells. The compounds of the invention can also be 
used in a method for treating hyperprolif erative cells 
in a patient requiring such treatment. This method 
3 5 would comprise administering to a cancer patient a 

compound of formula I in an amount effective to inhibit 
the proliferation of said cells. 
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The compounds of the invention can further be used 
in a method for potentiating an anticancer drug in a 
cancer patient undergoing chemotherapy. This method 
would comprise administering an anticancer drug and also 
5 administering to the patient a compound of formula I, 

above, in an amount effective to enhance the therapeutic 
efficacy of the anticancer drug. In this method, the 
compound of formula I may be administered to potentiate 
a natural product anticancer drug, an antitumor 

10 antibiotic anticancer drug, a natural or synthetic 

analogue of an antitumor agent, an antimitotic agent 
anticancer drug, or a natural or synthetic analogue of 
an antimitotic agent. The antitumor antibiotic or the 
natural or synthetic analogue of an antitumor agent may 

15 be selected from the group consisting of daunorubicin, 
doxorubi cin , idarubicin , mitoxant hrone , dact inomycin , 
bleomycin and plicamycin. The antimitotic agent or the 
natural or synthetic analogue of an antimitotic agent 
may be selected from the group consisting of 

20 topoisomerase inhibitors, microtubule inhibitors, 
etoposide, teniposide, amsacrine, topotecan, 
camptothecin, vinblastine, vincristine, vindesine, 
colchicine, paclitaxel, taxotere or other such agents 
that are subject to MDR. In this method, the compound 

25 of formula I, above, can also be administered in 

combination with an additional compound effective to 
sensitize drug resistant tumor cells, the amount of the 
combination being effective to enhance the therapeutic 
efficacy of the anticancer drug. The additional 

3 0 compound may be selected from the group consisting of 
dihydropyridines , thioxanthenes , phenothiazines , 
cyclosporines , acridonecarboxamides , verapamil , 
cyclosporin A, PSC 833, tamoxifen, quinidine, bepridil, 
ketoconazole, megestrol acetate and estramustine . 

35 in view of the beneficial effect on reversal of MDR 

produced by the compounds of the invention, it is 
anticipated that these compounds will be useful not only 
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for therapeutic treatment after the onset of MDR, but 
also for MDR prevention in patients about to undergo 
chemotherapy for the first time. The above-noted 
dosages will be essentially the same whether for 
5 treatment or prevention of MDR. 

The following examples are provided to describe the 
invention in further detail. These examples, which set 
forth the best mode presently contemplated for carrying 
10 out the invention, are intended to illustrate and not to 
limit the invention. 

Examples 1-2 describe the purification and 
structural characterization of Compound A of the present 
15 invention. 

EXAMPLE 1 

Structural Elucidation of Compound A 
The specific rotation of Compound A is (cr] D = +4 0.5o 
measured in CH 2 C1 2 (c 3.50). The ultraviolet absorption 

20 spectrum of Compound A in MeOH is characterized by a 
maximum absorption at X = 224 nm with an extinction 
coefficient of e = 28000. The infrared spectrum of a 
neat ©ample of Compound A shows intense absorptions at 
3 3 96 cm 1 which is characteristic of the NH stretching 

25 vibration of a secondary amide, 1668 cm- 1 which is 

characteristic of an amide-I band, and 1538 cm- 1 which is 
characteristic of an amide-II band. 

The results of high resolution electron impact mass 
spectroscopy (EIMS) obtained in the EI mode show that 

3 0 Compound A has the molecular formula C 21 H 24 N 6 0 4 S 2 based on 
high resolution mass measurement of the molecular ion 
with m/s = 488.1342 (relative intensity = 7.6 and error 
= -4.2 nimu) . The EIMS spectrum also shows a large M-43 
fragment ion due to the loss of C 3 H 7 with the molecular 

35 formula C 18 H 17 N 6 0 4 S 2 and m/z = 445.0690 (relative intensity 
« 100 and error = +6.3 mmu) . Important fragment ions 
that are consistent with the thiazole- and 
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methyloxazole-containing residues present in Compound A 
were also observed. The structures, m/z ratios and 
relative intensities of those fragment ions are given 
below . 






m/z = 136 m/z = 138 m/z = 139 

NMR spectra were obtained using an 11.75-T 
instrument operating at 500 MHz for X H and 125 MHz for 
* 3 C. X H chemical shifts are referenced to residual CHDC1 2 

10 (5.32 ppm) in CD 2 C1 2 . 13 C chemical shifts are referenced 
to the solvent (CD 2 C1 2 , 52.8 ppm). All *H and «C 
assignments are based on detailed COSY (U. Piantini et 
al., J. Am. Chem. Soc. 104:6800-6801 (1982); N. Muller 
et al., J. Am. Chem. Soc. 106:6482-6492 (1986)), HMQC, 

15 and HMBC analyses where one bond 1 H- 13 C connectivities 

have been determined by HMQC (A. Bax and S. Subramanian, 
j . Maan. Res. 67:5659 (1986)) and two and three bond 
(also four bond) ^-"C connectivities have been 
determined by HMBC (A. Bax and M.F. Summers, J. Am. 

20 Chem. Soc. 108:2093-2094 (1986)). Some of the important 
!H- l3 C correlations, viz. the ones deciding the sequence 
of the peptide, were supported by selective INEPT 
experiments (A. Bax, J. Maan. Res. 57:314-318 (1984)). 
The X H and 13 C-NMR spectral data for Compound A are 

25 given in Table 1. The observed chemical shift data are 
in good agreement with values reported for the two 
thiazole amino acid units (Val-Tzl and Ala-Tzl) in 
bistratamide C (M.P. Foster et al., J. Org. Chem. 
57:6671-6675 (1991)) and the methyloxazole amino acid 

30 unit (Ala-mOzl) in nostocyclamide (A.K. Todorova et al . , 
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J . Org . Chem . 60:7891-7895 (1995)). iH-^C correlations 
from HMBC and selective INEPT experiments, viz. H9-C8, 
H13-C14 and H1-C21, allowed sequencing of the three 
amino acid units into a total gross structure of 
5 Compound A. 



TABLE 1 
NMR Data for Compound A 
(Cyclo-D-Val-Tzl-D-Ala-Tzl-D-Ala-xnOzl) 

or N 

Position 6("C) 6 (*H) (mult . J^Hz) *H-*HCOSY HMBC* 
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EXAMPLE 2 

Determination of Absolute Stereochemistry of Compound A 

To determine the absolute configuration of the 
methyloxazole amino acid unit (Ala-mOzl) , Compound A was 
5 subjected to vigorous acid hydrolysis and the acid 
hydrolyzate was analyzed by the Marfey method {P. 
Marfey, Carlsbera Res. Commun. 49:591-596 (1984)). 

(a) Direct Acid Hydrolysis: Compound A (1.0 mg) 
in 0.3 mL of 6N HCl was heated in a reaction vial at 

10 llOoC for 16 hours. The solvent was removed under 

vacuum and the dried acid hydrolyzate was derivatized 
and subjected to Marfey analysis. 

(b) Marfey Analysis: Dried acid hydrolyzate 
described above (0.3-1.0 mg) in 100 fih of water was 

15 treated successively with 1 mg of sodium (5-f luoro-2 , 4 - 
dinitrophenyl) -L-alaninamide (FDAA, Marfey reagent) in 
200 fih of acetone followed by 4 0 /*L of IN sodium 
bicarbonate solution and the mixture was heated at 45<>C 
for 1 hour. After cooling to room temperature, 20 /xL of 

20 2N HCl was added and the resulting solution was analyzed 
by reverse-phase HPLC on a 250 x 4 . 6 mm C18 column 
(ALTEX ultrasphere 5 using a linear gradient of 10 to 
50% MeCN in 0.05 M Et 3 N/phosphate buffer at pH 3 over 45 
minutes (isocratic conditions thereafter) at a flow rate 

25 of 1 mL/min. Standards were prepared using the same 

procedure by treating each authentic amino acid. Only 
the oxazole ring was cleaved by direct acid hydrolysis 
to generate D-alanine from Compound A. (I.J. Turchi and 
M.J.S. Dewer, Chem. Rev. 75:389-437 (1984); N. Fusetani 

30 et al., J. Am. Chem. Soc. 113:7811-7812 (1975); S. 

Carmeli et al., Tetradehron Lett. 34:6681-6684 (1993)) 
Therefore, the configuration of C-15 in Compound A was 
R. Furthermore, comparison of the retention times and 
coinjection experiments of the FDAA derivatized direct 

3 5 hydrolyzates, ozonized hydrolyzates and similarly 

derivatized authentic amino acids established that all 
amino acid residues in Compound A have the D- 
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conf iguration. 

To determine the absolute configuration of the 
thiazole amino acids, the peptides were fir9t ozonized 
and then subjected to vigorous acid hydrolysis followed 
5 by Marfey and GC/MS (H. Frank, J . Chroma toor . Sci . 

15:174-176 (1977)) analyses. Ozonolysis results in 
cleavage of both the oxazole and thiazole rings. 

(a') Ozonolysis and Acid Hydrolysis? A stream of 0 3 
was bubbled through a solution of Compound A (1.0 mg) in 

10 10 mL of CH 2 C1 2 at 25oc for 10 minutes. The solvent was 
removed under a stream of N 2 and the residue was 
dissolved in 0.3 mL of €N HC1 and heated at 110oC for 24 
hours. After removal of the solvent, the residue was 
derivatized and subjected to Marfey and chiral GC/MS 

15 analyses. 

<b') Chiral GC/MS Analysis: A mixture of the dried 
hydrolyzate described above in 0.3 mL of isopropanol and 
0.05 mL of acetyl chloride was heated at 100oc for 45 
minutes . The excess reagent was then evaporated at 

20 115©C under a stream of nitrogen and the residue, which 
contained the isopropyl esters of the various amino 
acids, was treated with 0.5 mL of 1:1 (CF 3 CF 2 CO) 2 0/CH 2 Cl 2 
at 100oc for 15 minutes. After cooling to room 
temperature, the excess reagent was evaporated with a 

25 stream of dry nitrogen and the resulting mixture of 

isopropyl esters of N-pentaf luoropropyl amino acids was 
dissolved in 0.5 mL of CH 2 C1 2 for GCMS analysis on a 25 m 
x 0.25 mm Chirasil-Val column (Alltech) . The following 
conditions were used for the GC: a 12 psi head pressure 

30 (flow rate estimated to be about 0.6 mL/sec) and a 
column temperature held at 35<>C for 4 minutes after 
injection of the sample and then increased from 35oC to 
100oC at 2.0°/min, and finally increased from 100<>c to 
195oc at 6.0oC/min and held 12.0 minutes. The same 

35 procedure was repeated for standard samples of authentic 
amino acid. By comparison of the retention times and 
mass spectra of the derivatized hydrolyzates and 
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authentic amino acids, D-alanine and D-valine were 
detected in the hydrolyzate of ozonized 
Compound A. Therefore, all of the chiral carbons in 
Compound A were R. 

5 

Examples 3-6 set forth the results of biological 
testing of Compound A of the invention for MDR reversal 
activity. 

EXMZPhE 3 

10 Effects of Compound A and Verapamil 

on Drug Accumulation in Breast Carcinoma Cells 
The reduction in intracellular accumulation of 
anticancer drugs due to expression of P-glycoprotein can 
be at least partially reversed by compounds which 

15 interact with the drug transporter. This example shows 
the effect of Compound A on [ 3 H] vinblastine accumulation 
in breast carcinoma cells. 

MCF-7 breast carcinoma cells and MCF-7/ADR cells, 
an MDR subline which overexpresses P-glycoprotein (C.R, 

20 Fairchild et al . , Cancer Res. 47:5141-5148 (1987) , were 
obtained from the Division of Cancer Treatment at the 
National Cancer Institute. MCF-7 /VP cells, which 
express multidrug resistance-related protein (MRP) but 
not P-glycoprotein, were provided by Drs . Schneider and 

25 Cowan. (E. Schneider et al . , Cancer Res. 54:152-158 
(1994) . The effects of Compound A and verapamil on 
intracellular accumulation of [ 3 H] vinblastine were 
determined as described in CD. Smith et al . f Oncology 
Res . 6:211-218 (1994) and CD. Smith et al . , Mol . Pharm. 

30 45:241-247 (1995), using 20 nm [ 3 H] vinblastine sulfate 
(10-15 Ci/mmole) from the Amersham Corporation. 

The results of the study showing the effects of 
Compound A and verapamil on [ 3 H] vinblastine accumulation 
in MCF-7 /ADR cells are given in FIGURE 1. Cells were 

35 incubated with the indicated concentrations of Compound 
A (a) or verapamil <□) for 30 minutes. [ 3 H] vinblastine 
was then added and its intracellular accumulation after 
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60 minutes was determined. Values shown in FIGURE 1 
represent the mean ± standard deviation accumulation of 
[ 3 H] vinblastine in triplicate samples in one of three 
similar experiments. 
5 FIGURE 1 shows that Compound A was more potent than 

verapamil in its ability to increase the accumulation of 
[ 3 H] vinblastine in MCF-7/ADR cells. Compound A reached 
750% of control at 5 /zM and maximal effect at 20 /xM. 
Neither Compound A nor verapamil increased the 

10 accumulation of [ 3 H] vinblastine in MCF-7 cells which 
shows that Compound A and verapamil reverse the 
inhibition of drug transport by P-glycoprotein. 

This experiment demonstrated that the accumulation 
of [ 3 H] vinblastine in the MCF-7 /ADR cell line which 

15 overexpress P- glycoprotein was strongly enhanced by 
Compound A of the invention. 

Chemosonsitisation of MDR Brsast Carcinoma Cells 
20 bv Compound A and Verapamil 

The ability of Compound A to reverse MDR was 
examined using MCF-7/ADR cells breast carcinoma cells 
which were obtained as described in Example 5. The 
effects of Compound A on cell growth were characterized 
25 using the sulf orhodamine binding assay (P. Skehan et 
al., J. Natl. Cancer Inst. 82:1107-1112 (1990)) as 
described in CD. Smith et al., Oncology Res. 6:211-218 

(1994) and CD. Smith et al . , Mol . Pharm . 45:241-247 

(1995) . Cell survival was assessed after 48 hours of 
30 treatment and was expressed as the percentage of cells 

killed. 

The results of the chemosensitization tests showing 
the effect of the MDR reversing agent Compound A on cell 
killing by anticancer drugs in the multiple drug 
3 5 resistant MCF-7 /ADR cells are shown in FIGURES 2A and 

2B. The MCF-7 /ADR cells were treated with the indicated 
concentrations of Compound A in the presence of 
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daunomycin, actinomycin D and or cisplatin. Values 
shown in FIGURES 2A and 2B represent the mean ± standard 
deviation for triplicate samples in one of two similar 
experiments . 

5 FIGURE 2A shows that the cells were killed more 

effectively by combinations of daunomycin or actinomycin 
D with Compound A, as compared with identical doses of 
daunomycin or actinomycin D alone. Dose-response curves 
for this activity were very similar to those for 

10 intracellular drug accumulation, demonstrating activity 
at submicromolar concentrations. In contrast, Compound 
A did not alter the cytotoxicity of cisplatin, which is 
not a substrate for P-glycoprotein. 

FIGURE 2B shows that Compound A concentrations of 

15 0.6 or greater increased the sensitivity of MCF-7/ADR 
cells to vinblastine to the level of sensitivity 
observed for parental MCF-7 cells. The results given in 
FIGURE 2B show that Compound A completely overcomes P- 
glycoprotein-mediated MDR in this model system. 

2 0 This experiment demonstrated that Compound A 

reversed the multiple drug resistance of the breast 
carcinoma MCF-7/ADR cell line by markedly potentiating 
cell killing by the anticancer drug daunomycin, 
actinomycin D and vinblastine. 

25 

EXAMPLE 5 

l?hotoa£f inity labeling of P -glycoprotein 
^Ln Breast Cancer Cells bv Compound & 
The binding of a compound to P-glycoprotein can be 
30 inferred if it reduces photoaff inity labeling by 

substrates such [ 3 H] azidopine . Increasing concentrations 
of Compound A or verapamil caused progressive decreases 
in binding of t 3 H] azidopine to P-glycoprotein in 
membranes from MCF-7 /ADR cells. Photolabeling of P- 
35 glycoprotein was reduced by 50% by 0.5 and 10 }iM of 

Compound A and verapamil, respectively. Reduction of 
photoaff inity labeling of P-glycoprotein by [ 3 H] azidopine 
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in the presence of Compound A strongly indicates direct 
binding of Compound A to P-glycoprotein . 

This experiment shows that Compound A reversed the 
multi-drug resistance of in MCF-7/ADR cells by directly 
5 binding with P-glycoprotein. 

EXAMPLE S 

Chozaoseasitisation of BfiRP Breast Carcinoma Calla 
by Compound A and Verapamil 

10 Reversal of multidrug resistance-related protein- 

mediated drug resistance (MRP) is defined as the ability 
of the compound to potentiate the cytotoxicity of 
MRP- transported drugs in cells which express multidrug 
resistance-related protein. The ability of Compound A 

15 to reverse MRP-mediated drug resistance was examined 
using MCF-7/VP breast carcinoma cells which express 
multidrug resistance-related protein (MRP) but not P- 
glycoprotein . The MCF-7/VP cells were provided by Drs . 
Schneider and Cowan (E. Schneider et al . , Cancer Res. 

2 0 54:152-158 (1994). The effects of Compound A on cell 
growth were characterized using the sulf orhodamine 
binding assay (P. Skehan et al . , J . Natl. Cancer Inst. 
82:1107-1112 (1990)) as described in CD. Smith et al . , 
Oncology Res. 6:211-218 (1994) and CD. Smith et al . , 

25 Mol . Pharm. 45:241-247 (1995). Cell survival was 

assayed after 4 8 hours of treatment and was expressed as 
the percentage of cells killed. 

The results of the chemosensitization tests showing 
the effect of Compound A on cytotoxicity due to the 

30 anticancer drug vincristine in the multiple drug 

resistant MCF-7/VP cells are given in FIGURE 3. Values 
shown in FIGURE 3 represent the mean ± standard 
deviation for triplicate samples in one of three similar 
experiments . 

35 In comparison with MCF-7 cells, MCF-7/VP cells were 

15 -fold resistant to the anticancer drug vincristine. 
Treatment of MCF-7 /VP cells with either 5-10 fxM Compound 



WO 97/48708 PCT/US97/10366 

-27- 

A or 20 /iM verapamil increased the cytoxicity of 
vincristine as shown in FIGURE 3 . MRP-mediated 
resistance to vincristine in the MCF-7/VP cells was 
fully reversed by 10 ftM Compound A. Similarly, Compound 
5 A also potentiated the cytotoxicities of etoposide and 
doxorubicin in MCF-7/VP cells, but did not modulate 
responses to cisplatin in MCF-7/VP cells. 

This experiment demonstrated that Compound A fully 
reverses MRP-mediated resistance to the anticancer drug 
10 vincristine in the MCF-7/VP cell line. Compound A also 
increased the chemosensitivity of MCF-7/VP cells to 
etoposide and doxorubicin. 



Although the present invention has been described 
15 and exemplified in terms of certain preferred 

embodiments, other embodiments will be apparent to those 
skilled in the art. The invention is, therefore, not 
limited to the particular embodiments described and 
exemplified, but is capable of modification or variation 
20 without departing from the spirit of the invention, the 
full scope of which is delineated by the appended 
claims . 
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WHAT IS CLAIMED IS: 

1. A compound for treating drug resistant cells, said 
compound potentiating the cytotoxicity of 
anticancer drugs and having the formula: 



wherein K l$ R 3 and R 5 are independently selected from the 
group consisting of -H , -OH, -SH, -NR'R'', a straight or 
branched, substituted or unsubstituted alkyl group, 
having 1-6 carbon atoms, a cycloalkyl group having 4-6 
carbon atoms, a cycloalkylalkyl group having 4-10 carbon 
a:oms or an aryl or aralkyl group having 6-10 carbon 
a:oms, and R,, R 4 and R 6 are independently selected from 
the group consisting of -H, -OH, -SH, -NR'R'', a 
straight or branched, substituted or unsubstituted alkyl 
group having 1-6 carbon atoms, a cycloalkyl group having 
4-6 carbon atoms or an cycloalkylalkyl group having 4-10 
carbon atoms, said alkyl group substituents in R lf R 2 , 
R 3> R 4' R s am * R e being selected from the group consisting 
of -OH, -SH, -NR'R'', halogen, -O-alkyl having 1-6 
carbon atoms or -S- alkyl having 1-6 carbon atoms, and 
said R' and R' ' radicals being selected from the group 
consisting of -H and alkyl having 1-6 carbon atoms, X x , 
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X 2 and X 3 are independently selected from the group 
consisting of oxygen and sulfur, the dotted line in the 
heterocyclic ring members indicating the presence of a 
single or double bond and the stereoisomers and 
5 pharmaceutical^ acceptable salts thereof. 

2. A compound for treating drug resistant cells, said 
compound having the formula: 




25 wherein R 1# R 3 and R 5 are independently selected from the 
group consisting of -H, -OH, -SH, -NR'R'', a straight or 
branched, substituted or unsubstituted alkyl group, 
having 1-6 carbon atoms, a cycloalkyl group having 4-6 
carbon atoms or a cycloalkylalkyl group having 4-10 

3 0 carbon atoms, said R x , R 3 and R 5 being not all the same, 
and R 2 , R 4 and R € are independently selected from the 
group consisting of -H, -OH, -SH, -NR'R'', a straight or 
branched, substituted or unsubstituted alkyl group 
having 1-6 carbon atoms, a cycloalkyl group having 4-6 

35 carbon atoms or an cycloalkylalkyl group having 4-10 

carbon atoms, at least one of R 2 , R 4 and R fi being other 
than -H, said alkyl group substituents in R lt R 2 , R 3 , R 4 , 
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R 5 and R 6 being selected from the group consisting of - 
OH, -SH, -NR'R'', halogen, -0-alkyl having 1-6 carbon 
atoms or -S-alkyl having 1-6 carbon atoms, and said R' 
and R' ' radicals being selected from the group 
5 consisting of -H and alkyl having 1-6 carbon atoms, X x , 
X 2 and X 3 are independently selected from the group 
consisting of oxygen and sulfur, the dotted line in the 
heterocyclic ring members indicating the presence of a 
single or double bond and the stereoisomers and 
10 pharmaceutically acceptable salts thereof. 



3. A compound as claimed in claim 1, wherein X 1 and X 2 
represent S, X 3 represents O and R 19 R 2 , R 3 , R 4 , R 5 , 

R 6 are selected from the group consisting of H and a 
15 straight or branched alkyl having 1-4 carbon atoms. 

4. A compound as claimed in claim 1, wherein R a 
represents isopropyl, R 2 and R 4 represent hydrogen, 
R 3 , R 5 and R 6 represent methyl, X 1 and X 2 represent 

20 S, and X 3 represents O. 

5. A pharmaceutical composition for treating tumor 
cells, said composition comprising a compound as 
claimed in claim 1 in an amount effective to 

25 attenuate drug resistance in said cells, and a 

pharmaceutically acceptable carrier medium. 

6. A composition as claimed in claim 5 in the form of 
a solid suspension of said compound in a 

3 0 pharmaceutically acceptable liquid carrier medium. 

7. A composition as claimed in claim 5 comprising from 
about 0.1 mg to about 100,000 mg of said compound. 



35 



8. 



A pharmaceutical composition for treating 
hyperprolif erative cells, said composition 
comprising a compound of formula I as claimed in 
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claim 1 in an amount effective to attenuate the 
proliferation of said cells, and a pharmaceutically 
acceptable carrier medium. 



5 9. A composition as claimed in claim 8 in the form of 
a solid suspension of said compound in a 
pharmaceutically acceptable liquid carrier medium. 

10. A composition as claimed in claim 8 comprising from 
10 about 0.1 mg to about 100,000 mg of said compound. 



11. A pharmaceutical composition for treating 
hyperprolif erative cells, said composition 
comprising a compound of formula I as claimed in 

15 claim 1 and further comprising, at least one 

additional anti-neoplastic compound in an amount 
effective, in combination with said compound of 
Formula I, to attenuate the proliferation of said 
cells, and a pharmaceutically acceptable carrier 

20 medium. 



12. A composition as claimed in claim 11 in the form of 
a solid suspension of said compounds in a 
pharmaceutically acceptable liquid carrier medium. 

25 

13. A composition as claimed in claim 11 comprising 
from about 0.1 mg to about 100,000 mg of said 
compound of formula I and from about 0.1 mg to 
about 100,000 mg of said additional anti-neoplastic 

30 compound. 

14 . A method for treating tumor cells in a patient 
requiring such treatment, said method comprising 
administering to said patient a compound of formula 

3 5 I as claimed in claim 1 in an amount effective to 

attenuate drug resistance in said cells. 
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15. A method as claimed in claim 14, wherein said 
compound is administered in unit dosage form 
containing from about 0.001 mg to about 1000 mg of 
said compound of formula I per kilogram of patient 

5 body weight per day. 

16. A method as claimed in claim 15, wherein said unit 
dosage includes a pharmaceutically acceptable 
carrier medium. 

10 

17. A method as claimed in claim 14, wherein said 
composition is administered parenterally . 

18. A method as claimed in claim 14, wherein said 
15 composition is administered intravenously. 

19. A method as claimed in claim 14, wherein said 
compound is administered orally. 

20 20. A method for treating hyperprolif erative cells in a 
patient requiring such treatment, said method 
comprising administering to said patient a compound 
of formula I as claimed in claim 1 in an amount 
effective to inhibit the proliferation of said 

25 cells. 

21. A method as claimed in claim 20, wherein said 
compound is administered in unit dosage form 
containing from about 0.001 mg to about 1000 mg of 

3 0 said compound per kilogram of patient body weight 

per day. 

22. A method as claimed in claim 21, wherein said unit 
dosage includes a pharmaceutically acceptable 

35 carrier medium. 



23. A method as claimed in claim 20, wherein said 
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composition is administered parenterally . 

24. A method as claimed in claim 20, wherein said 
composition is administered intravenously. 

5 

25. A method as claimed in claim 20, wherein said 
compound is administered orally. 

26. A method for potentiating an anticancer drug, in a 
10 cancer patient undergoing chemotherapy comprising 

administration of said anticancer drug, said method 
comprising administering to said patient a compound 
of formula I as claimed in claim 1 in an amount 
effective to enhance the therapeutic efficacy of 
15 said anticancer drug. 

27. A method as claimed in claim 26, wherein said 
compound of formula I is administered to potentiate 
a natural product, anticancer drug. 

20 

28. A method as claimed in claim 26, wherein said 
anticancer drug is an antitumor antibiotic. 

29. A method as claimed in claim 28, wherein said 
25 antitumor antibiotic is selected from the group 

consisting of daunorubicin, doxorubicin, 
idarubicin, mitoxanthrone, dactinomycin, bleomycin 
and plicamycin. 

30 30. A method as claimed in claim 26, wherein said 

anticancer drug is a natural or synthetic analogue 
of an antitumor agent selected from the group 
consisting of daunorubicin, doxorubicin, 
idarubicin, mitoxanthrone, dactinomycin, bleomycin 

3 5 and plicamycin. 



31. 



A method as claimed in claim 26, wherein said 
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anticancer drug is an antimitotic agent. 



32. A method as claimed in claim 31, wherein said 
antimitotic agent is selected from the group 
5 consisting of topoisomerase inhibitors and 

microtubule inhibitors. 



33. A method as claimed in claim 31, wherein said 
antimitotic agent is selected from the group 

10 consisting of etoposide, teniposide, amsacrine, 

topotecan, camptothecin, vinblastine, vincristine, 
vindesine, colchicine, paclitaxel and taxotere. 

34. A method as claimed in claim 26, wherein said 

15 anticancer drug is a natural or synthetic analogue 

of an antimitotic agent selected from the group 
consisting of etoposide, teniposide, amsacrine, 
topotecin, camptothecin, vinblastine, vincristine, 
vindesine, colchicine, paclitaxel and taxotere. 

20 

35. A method as claimed in claim 26, wherein said 
compound of formula I is administered in 
combination with an additional compound effective 
to sensitize drug resistant tumor cells, the amount 

25 of said combination being effective to enhance the 

therapeutic efficacy of said anticancer drug. 

36. A method as claimed in claim 35, wherein said 
additional compound is selected from the group 

3 0 consisting of dihydropyridines, thioxanthenes , 

phenothiazines, cyclosporines and 
acridonecarboxamides . 



A method as claimed in claim 35, wherein said 
additional compounds is selected from the group 
consisting of verapamil, cyclosporin A, PSC 833, 
tamoxifen, quinidine, bepridil, ketoconazole, 
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megestrol acetate and estramustine. 

38. A method of preventing multidrug resistance in a 

cancer patient undergoing chemotherapy, said method 
comprising administering to said patient, prior to 
the initiation of said chemotherapy, an amount of a 
compound of formula I, as claimed in claim 1, which 
is effective to prevent development of multidrug 
resistance in said patient. 



39. A method as claimed in claim 38, wherein said 
compound is administered in unit dosage form 
containing from about 0.001 mg to about 1000 mg of 
said compound per kilogram of patient body weight 

15 per day. 

40. A method as claimed in claim 39, wherein said unit 
dosage includes a pharmaceutically acceptable 
carrier medium. 

20 

41. A method as claimed in claim 38, wherein said 
composition is administered parenterally . 

42. A method as claimed in claim 38, wherein said 
25 composition is administered intravenously. 



43 



A method as claimed in claim 38, wherein said 
compound is administered orally. 
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